Abstract: Micron Ti metal particles were incorporated into SiCp/7075Al composites using pressure infiltration. The interface structure between the Ti metal particles and the matrix during the casting processes were investigated. Results show that the dispersed unreacted Ti particles form mutual diffusion layer at the interface without the formation of low-temperature intermetallic phases during the solidification processes. The interaction between the micron Ti and the molten aluminum alloy is subject to the mutual diffusion coefficient of Ti-Al rather than the reaction activation energy. The tensile strength and plasticity of the composite were improved simultaneously due to the high interfacial bonding strength and released thermal misfit stress cause by the incorporated Ti metal particles.
Introduction
The hard and brittle ceramic particles in the matrix alloy allow the aluminum matrix composites a good combination of high specific strength, high specific modulus and good wear resistance [1] . Ceramic particles, such as SiC [2] , TiC [3] and Al 2 O 3 [4] so on, have been widely used. However, defects, such as agglomeration, porosity and insufficient interfacial bonding, occur due to the poor wettability between the ceramics and the matrix, which severely limits their engineering application. Even though pressure infiltration could overcome the adverse capillary forces due to poor wettability utilizing applied load and is usually employed to produce composites of high microstructural quality, rapidly [5] . Extra ceramic surfaces modification is still adopted to improve wettability at aluminum/ceramic interfaces and reduce the threshold pressure for infiltration. A. Alonso et al. found that the addition of only a 2 wt% of K 2 ZrF 6 compound promoted a 45% decrease in the threshold pressure [6] . The interfaces between the ceramics and aluminum have great influences on the mechanical performance of the composites. M. Kouzeli and C. S. Marchi found that the contiguity of the reinforcement, due to the reaction between the B 4 C and aluminum matrix, not only increased the composite flow stress, but also resulted in a higher rate of particle fracture, significantly influenced the mechanical behaviors of the composite [7] .
Another way to overcome these adverse effects is to use metal reinforcements [8] [9] [10] . Metal reinforcements, such as metallic glasses [11, 12] , quasi-crystalline [13] , alloy [14, 15] , intermetallics [16] and pure metal [17] so on, are considered by researchers to negate the adverse effects associating with ceramics. Available scientific literatures have been revealed that plasticity metallic reinforcements could improve the strength and plasticity of composites [18] [19] [20] [21] . Liu et al. found that transition layer formed during the sintering of AlCoCrFeNi high-entropy alloy/Al composites [15] . The transition layer is favorable for the transformation of the stress state from the iso-stress condition to the iso-strain condition for the composites during the deformation process, which improved both yield strength and ductility of the composites. High interfacial bonding strength can be easily obtained for the metal reinforcements due to their better wettability with the aluminum matrix alloy [22] . Gao et al. prepared A356 composites reinforced with Ti particles utilizing powder thixoforming method [10] . The formed Ti@(Al-Si-Ti) core-shell-structured particles in the composite decreased crack size in the shell, delayed crack propagation by plastic deformation and multiplied secondary cracks, leading to excellent ductility of the composites. While in the research made by Chen et al., Ti particles entirely reacted with the 2024Al melts during the casting processes. The compression and tensile strengths were both increased gradually at the sacrifice of plasticity due to the mass fraction of Al 3 Ti existence [23] . There is no doubt that the interface of the metal reinforcements plays a vital role in determining the microstructure and mechanical properties of the composites. So far, most aluminum matrix composites reinforced with metal particles usually use low temperature fabrication techniques to restrict the possible reactions between the metal reinforcements and the matrix. Seldom researches have been made to investigate the interfacial interaction between micron metal particles and molten alloy until now.
In the current study, pressure infiltration was employed to prepare high quality aluminum matrix composites with micron Ti metal particles incorporated. Interface between the metal Ti particles and molten aluminum alloy was characterized and investigated. The effects of Ti metal particles on the mechanical behaviors of the composites were discussed. Figure 1 shows the morphologies of the reinforcements used here. SiC particles (purity ≥99.1%, Shanghai chaowei nano technology co., LTD) in two different sizes and a Ti particle (purity ≥99.1%, Beijing Goodwill Metal Tech Co. LTD, Beijing, China) were used. The SiC particle is in an average size of 7 µm (D(10) = 4. Another way to overcome these adverse effects is to use metal reinforcements [8] [9] [10] . Metal reinforcements, such as metallic glasses [11, 12] , quasi-crystalline [13] , alloy [14, 15] , intermetallics [16] and pure metal [17] so on, are considered by researchers to negate the adverse effects associating with ceramics. Available scientific literatures have been revealed that plasticity metallic reinforcements could improve the strength and plasticity of composites [18] [19] [20] [21] . Liu et al. found that transition layer formed during the sintering of AlCoCrFeNi high-entropy alloy/Al composites [15] . The transition layer is favorable for the transformation of the stress state from the iso-stress condition to the isostrain condition for the composites during the deformation process, which improved both yield strength and ductility of the composites. High interfacial bonding strength can be easily obtained for the metal reinforcements due to their better wettability with the aluminum matrix alloy [22] . Gao et al. prepared A356 composites reinforced with Ti particles utilizing powder thixoforming method [10] . The formed Ti@(Al-Si-Ti) core-shell-structured particles in the composite decreased crack size in the shell, delayed crack propagation by plastic deformation and multiplied secondary cracks, leading to excellent ductility of the composites. While in the research made by Chen et al., Ti particles entirely reacted with the 2024Al melts during the casting processes. The compression and tensile strengths were both increased gradually at the sacrifice of plasticity due to the mass fraction of Al3Ti existence [23] . There is no doubt that the interface of the metal reinforcements plays a vital role in determining the microstructure and mechanical properties of the composites. So far, most aluminum matrix composites reinforced with metal particles usually use low temperature fabrication techniques to restrict the possible reactions between the metal reinforcements and the matrix. Seldom researches have been made to investigate the interfacial interaction between micron metal particles and molten alloy until now.
Methods and Experiments
In the current study, pressure infiltration was employed to prepare high quality aluminum matrix composites with micron Ti metal particles incorporated. Interface between the metal Ti particles and molten aluminum alloy was characterized and investigated. The effects of Ti metal particles on the mechanical behaviors of the composites were discussed. Figure 1 shows the morphologies of the reinforcements used here. SiC particles (purity ≥99.1%, Shanghai chaowei nano technology co., LTD) in two different sizes and a Ti particle (purity ≥99.1%, Beijing Goodwill Metal Tech Co. LTD, Beijing, China) were used. The SiC particle is in an average size of 7 μm (D (10) 7075Al hybrid composites were fabricated using pressure infiltration method. Figure 2 displays the fabricating processes. At first, 7 µm SiC particles and 35 µm Ti metal particles were weighted and put into a corundum vial together with corundum balls. The corundum vial was sealed and rotated in a tumbling mill for 10 h at a rotation speed of 110 rpm. The Ti particles and SiC particles is in a volume ratio of 1:8. Then the mixture was prepacked into Φ 80 × 40 mm 2 and settled into a mold. 7075Al melts at 780 • C was poured into the mold and pressure infiltrated into the preform at 580 • C using a piston. The pressure is about 50 MPa and holding for 5 min after the infiltration processes completed. Subsequently, the as-casting together with the mold were water cooled down to room temperature in 30 min. Finally, 7075Al hybrid composites reinforced with 40 vol.% 7 µm SiCp and 5 vol.% 35 µm Ti particles, hereafter referred to as AMC-Ti, were fabricated. The fabricated composite billets were in a size of Φ 80 × 40 mm 2 . For comparison, 7075Al composites reinforced with 40 vol.% 7 µm SiCp and 5 vol.% 35 µm SiCp, hereafter referred to as AMC-SiC, were also fabricated under the same conditions. Figure 2 displays the fabricating processes. At first, 7 μm SiC particles and 35 μm Ti metal particles were weighted and put into a corundum vial together with corundum balls. The corundum vial was sealed and rotated in a tumbling mill for 10 h at a rotation speed of 110 rpm. The Ti particles and SiC particles is in a volume ratio of 1:8. Then the mixture was prepacked into Φ 80 × 40 mm 2 and settled into a mold. 7075Al melts at 780 °C was poured into the mold and pressure infiltrated into the preform at 580 °C using a piston. The pressure is about 50 MPa and holding for 5 min after the infiltration processes completed. Subsequently, the as-casting together with the mold were water cooled down to room temperature in 30 min. Finally, 7075Al hybrid composites reinforced with 40 vol.% 7 μm SiCp and 5 vol.% 35 μm Ti particles, hereafter referred to as AMC-Ti, were fabricated. The fabricated composite billets were in a size of Φ 80 × 40 mm 2 . For comparison, 7075Al composites reinforced with 40 vol.% 7 μm SiCp and 5 vol.% 35 μm SiCp, hereafter referred to as AMC-SiC, were also fabricated under the same conditions. The morphologies of the composites were characterized using a Quanta 200 scanning electron microscopy (SEM; FEI, Eindhoven, The Netherlands) and a Tecnai G2 F20 field emission gun transmission electron microscopy (TEM; FEI, Portland, OR, USA) coupled with an energy-dispersive X-ray analysis. X-ray diffraction (D8 Advance; Bruker, Karlsruhe, Germany) was used to identify the possible formed phases during the solidification of the composites. Figure 2 displays the fabricating processes. At first, 7 μm SiC particles and 35 μm Ti metal particles were weighted and put into a corundum vial together with corundum balls. The corundum vial was sealed and rotated in a tumbling mill for 10 h at a rotation speed of 110 rpm. The Ti particles and SiC particles is in a volume ratio of 1:8. Then the mixture was prepacked into Φ 80 × 40 mm 2 and settled into a mold. 7075Al melts at 780 °C was poured into the mold and pressure infiltrated into the preform at 580 °C using a piston. The pressure is about 50 MPa and holding for 5 min after the infiltration processes completed. Subsequently, the as-casting together with the mold were water cooled down to room temperature in 30 min. Finally, 7075Al hybrid composites reinforced with 40 vol.% 7 μm SiCp and 5 vol.% 35 μm Ti particles, hereafter referred to as AMC-Ti, were fabricated. The fabricated composite billets were in a size of Φ 80 × 40 mm 2 . For comparison, 7075Al composites reinforced with 40 vol.% 7 μm SiCp and 5 vol.% 35 μm SiCp, hereafter referred to as AMC-SiC, were also fabricated under the same conditions. The morphologies of the composites were characterized using a Quanta 200 scanning electron microscopy (SEM; FEI, Eindhoven, The Netherlands) and a Tecnai G2 F20 field emission gun transmission electron microscopy (TEM; FEI, Portland, OR, USA) coupled with an energy-dispersive X-ray analysis. X-ray diffraction (D8 Advance; Bruker, Karlsruhe, Germany) was used to identify the possible formed phases during the solidification of the composites. The morphologies of the composites were characterized using a Quanta 200 scanning electron microscopy (SEM; FEI, Eindhoven, The Netherlands) and a Tecnai G2 F20 field emission gun transmission electron microscopy (TEM; FEI, Portland, OR, USA) coupled with an energy-dispersive X-ray analysis. X-ray diffraction (D8 Advance; Bruker, Karlsruhe, Germany) was used to identify the possible formed phases during the solidification of the composites. (Figure 5c ). Mutual diffusion between the Ti metal particle and the matrix happened during the preparing processes (Figure 5c , region Ⅰ). In addition, Mg atoms are detected in the edge of the Ti metal particles. Mg atoms segregate at the interface of the Ti metal particle and diffuse into Ti metal particle (Figure 5c , region Ⅰ and ⅠⅠ). It is remarked that mutual diffusion between the Ti metal particle and the molten 7075Al occur without a specific atom ratio. To clarify the interfacial structure between the Ti metal particles and the matrix, high resolution transmission electron microscopy was used. Three continuous areas of the interface were selected. Fourier transform (FFT) and inverse Fourier transform were used to analyze the interface structure. Compared with the diffraction spectrums of the selected area closing to the Ti metal particle, the (Figure 5c ). Mutual diffusion between the Ti metal particle and the matrix happened during the preparing processes (Figure 5c, region I ). In addition, Mg atoms are detected in the edge of the Ti metal particles. Mg atoms segregate at the interface of the Ti metal particle and diffuse into Ti metal particle (Figure 5c , region I and II). It is remarked that mutual diffusion between the Ti metal particle and the molten 7075Al occur without a specific atom ratio.
Metals 2019, 9, x FOR PEER REVIEW 4 of 11 Figure 4 depicts the SEM pictures of the composites. As shown in Figure 4 , no obvious porous and particle agglomeration are detected. Reinforcements are homogeneously distributed in 7075Al matrix. The interfaces between the Ti metal particles and 7075Al matrix are clear (Figure 4b ). Interfacial reaction product is inconspicuous in the vicinity of Ti metal particles. The observed results indicate a limited interfacial reaction between the Ti metal particles and the 7075Al melts during the fabricating processes. (Figure 5c ). Mutual diffusion between the Ti metal particle and the matrix happened during the preparing processes (Figure 5c , region Ⅰ). In addition, Mg atoms are detected in the edge of the Ti metal particles. Mg atoms segregate at the interface of the Ti metal particle and diffuse into Ti metal particle (Figure 5c , region Ⅰ and ⅠⅠ). It is remarked that mutual diffusion between the Ti metal particle and the molten 7075Al occur without a specific atom ratio. To clarify the interfacial structure between the Ti metal particles and the matrix, high resolution transmission electron microscopy was used. Three continuous areas of the interface were selected. Fourier transform (FFT) and inverse Fourier transform were used to analyze the interface structure. Compared with the diffraction spectrums of the selected area closing to the Ti metal particle, the To clarify the interfacial structure between the Ti metal particles and the matrix, high resolution transmission electron microscopy was used. Three continuous areas of the interface were selected. Fourier transform (FFT) and inverse Fourier transform were used to analyze the interface structure. Compared with the diffraction spectrums of the selected area closing to the Ti metal particle, the diffraction spectrums of the selected area analyzed by FFT in the vicinity of the matrix is irregularity (Figure 6a,c,e) , indicating a neither amorphous nor crystal structure. Long-range order structure of Ti x Al y low temperature phases could not be detected in the interface as shown in the inverse FFT results (Figure 6b,d,f) . Numerous defects, such as lattice distortion, point defect, line defect, etc., can be easily detected in the corresponding inverse FFT results as the arrows and ellipses shown in Figure 6b ,d,f. These defects are generated as a result of the mutual diffusion of the Ti, Mg and Al atoms. The generated defects in the mutual diffusion layer ultimately ensure a high interfacial bonding strength between the Ti metal particle and the matrix, which would exert positive effects on the load transfer effects of the interface in vicinity of Ti metal particles in the end. Finally, metallurgical bonding between the Ti metal particle and the matrix was formed during the casting solidification process.
Results and Discussion
Metals 2019, 9, x FOR PEER REVIEW 5 of 11 diffraction spectrums of the selected area analyzed by FFT in the vicinity of the matrix is irregularity (Figure 6a , c and e), indicating a neither amorphous nor crystal structure. Long-range order structure of TixAly low temperature phases could not be detected in the interface as shown in the inverse FFT results (Figure 6b, f and d) . Numerous defects, such as lattice distortion, point defect, line defect, etc., can be easily detected in the corresponding inverse FFT results as the arrows and ellipses shown in Figure 6b , f and d. These defects are generated as a result of the mutual diffusion of the Ti, Mg and Al atoms. The generated defects in the mutual diffusion layer ultimately ensure a high interfacial bonding strength between the Ti metal particle and the matrix, which would exert positive effects on the load transfer effects of the interface in vicinity of Ti metal particles in the end. Finally, metallurgical bonding between the Ti metal particle and the matrix was formed during the casting solidification process. Figure 7 shows the X-ray diffraction patterns of the prepared composites. The X-ray diffraction pattern results of the composites are fully consistent with the aforementioned experimental results. Apart from the diffraction peak of the main constitutes of AMC-Ti composites, the diffraction peak of the possible formed low temperature intermetallic compound is not detected in the figure. Once again, it is confirmed that Ti metal particles did not react with aluminum alloy melts to form lowtemperature intermetallic compound phases in the process of pressure infiltration. Figure 7 shows the X-ray diffraction patterns of the prepared composites. The X-ray diffraction pattern results of the composites are fully consistent with the aforementioned experimental results. Apart from the diffraction peak of the main constitutes of AMC-Ti composites, the diffraction peak of the possible formed low temperature intermetallic compound is not detected in the figure. Once again, it is confirmed that Ti metal particles did not react with aluminum alloy melts to form low-temperature intermetallic compound phases in the process of pressure infiltration.
As it well known, a reaction is controlled by the activation energy and reaction rate. Despite the activation energy of the phases formation, the reaction between the incorporated Ti metal particles and aluminum melts is also controlled by mutual diffusion coefficient and reaction time. The impurity diffusion coefficient is usually described by the Arrhenius equation:
where D 0 is denoted as the pre-exponential factor and Q as the activation energy. T denotes the absolute temperature and R the gas constant. Figure 8 . The analysis corroborates that the mutual diffusion between the Ti metal particle and the molten 7075Al melts is inconspicuous due to their low mutual diffusion coefficient and limited reaction time. Finally, the interaction between the Ti metal particle and the molten 7075Al melts is restricted and the thickness of interface layer is thin in the end.
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where D0 is denoted as the pre-exponential factor and Q as the activation energy. T denotes the absolute temperature and R the gas constant. Thus the values of the diffusion coefficients for the liquid Al in the solid Ti (DAl/Ti), the solid Ti in the liquid Al (DTi/Al) can be calculated and are about 3.3 × 10 −19 m 2 /s and 6.8 × 10 −9 m 2 /s, respectively according to the parameters in Table 2 . This result illustrates that solid Ti is the main diffusing species in the Al(l)-Ti(s) system, for the value of DTi/Al is larger than that of DAl/Ti by round ten orders of magnitude. Moreover, the solubility of Ti atom in the Al melt is rather low in the temperature range of 760-800 °C as the Ti-Al binary phase diagram shown in Figure 8 . The analysis corroborates that the mutual diffusion between the Ti metal particle and the molten 7075Al melts is inconspicuous due to their low mutual diffusion coefficient and limited reaction time. Finally, the interaction between the Ti metal particle and the molten 7075Al melts is restricted and the thickness of interface layer is thin in the end. Figure 9 displays the stress-strain curves of the prepared composites. It can be seen that the AMC-Ti composites achieve higher average tensile strength and plasticity than the AMC-SiC composites ( Table 3 ). The AMC-Ti hybrid composites have a strength of 605 MPa, which is 148 MPa higher than that of the AMC-SiC hybrid composites (Figure 9) . Besides, the plasticity of the AMC-Ti hybrid composites reaches 1.28%, improving 235% when it is compared with that of the AMC-SiC composites (Figure 9) . Obviously, the incorporated Ti metal particles improve the strength and plasticity of the composites simultaneously. Figure 9 displays the stress-strain curves of the prepared composites. It can be seen that the AMC-Ti composites achieve higher average tensile strength and plasticity than the AMC-SiC composites ( Table 3 ). The AMC-Ti hybrid composites have a strength of 605 MPa, which is 148 MPa higher than that of the AMC-SiC hybrid composites (Figure 9) . Besides, the plasticity of the AMC-Ti hybrid composites reaches 1.28%, improving 235% when it is compared with that of the AMC-SiC composites ( Figure 9) . Obviously, the incorporated Ti metal particles improve the strength and plasticity of the composites simultaneously. Figure 8 . Phase diagram Ti-Al [26] . Figure 9 displays the stress-strain curves of the prepared composites. It can be seen that the AMC-Ti composites achieve higher average tensile strength and plasticity than the AMC-SiC composites ( Table 3 ). The AMC-Ti hybrid composites have a strength of 605 MPa, which is 148 MPa higher than that of the AMC-SiC hybrid composites (Figure 9) . Besides, the plasticity of the AMC-Ti hybrid composites reaches 1.28%, improving 235% when it is compared with that of the AMC-SiC composites ( Figure 9) . Obviously, the incorporated Ti metal particles improve the strength and plasticity of the composites simultaneously. Figure 9 . Engineering stress-strain curves of the prepared composites and the matrix. The fracture morphologies of the composites are observed to study the fracture behaviors of the composites (Figure 10 ). Apparent differences in fracture morphology between AMC-SiC hybrid composites and AMC-Ti hybrid composites can be detected. The fracture morphology of AMC-SiC hybrid composites is plain and simple and transgranular fractures of larger SiC particles are easily detected on the fracture surface (Figure 10a,b) . Moreover, torn edges formed in the matrix alloy of AMC-SiC hybrid composites during the tensile tests is shallow and blunt (Figure 10c ). On the contrary, the fracture morphologies of the AMC-Ti hybrid composites are dramatically different from Figure 9 . Engineering stress-strain curves of the prepared composites and the matrix. The fracture morphologies of the composites are observed to study the fracture behaviors of the composites (Figure 10 ). Apparent differences in fracture morphology between AMC-SiC hybrid composites and AMC-Ti hybrid composites can be detected. The fracture morphology of AMC-SiC hybrid composites is plain and simple and transgranular fractures of larger SiC particles are easily detected on the fracture surface (Figure 10a,b) . Moreover, torn edges formed in the matrix alloy of AMC-SiC hybrid composites during the tensile tests is shallow and blunt (Figure 10c ). On the contrary, the fracture morphologies of the AMC-Ti hybrid composites are dramatically different from those of the AMC-SiC hybrid composites, which indicate a mixed feature of ductile-brittle fracture, not a typical brittle fracture or a typical ductile fracture. The fracture surface is fluctuating and much more complex than that of the AMC-SiC hybrid composites (Figure 10a,d) . Fractured Ti metal particles can be easily detected at the fracture surface of AMC-Ti composites. It can be deduced that the high interfacial bonding strength of the Ti-Al interface ensures the load effectively transfer to the Ti metal particles during the deformation, leading to an improvement of tensile strength of the AMC-Ti composites. Moreover, small ductile dimples and abundant torn edges are clearly visible in the matrix alloy of AMC-Ti hybrid composites as shown in Figure 10f . The observed ductile dimples and torn edges are consistent with the plasticity results discussed above.
It is widely accepted that thermal misfit stress would generate around the incorporated reinforcements with a change in temperature for the dissimilar coefficients of thermal expansion between the reinforcements and the matrix [27] . With a view to the interaction between the reinforcement and the matrix, dislocations would come about in the vicinity of the SiC particles due to the generated thermal misfit compressive stress (Figure 11a ). On the contrary, dislocations are hardly detected in the vicinity of the Ti particles (Figure 11b) . A detailed discussion of the interaction between the generated dislocations and the reinforcements can be found in Ref. [28] ; here we shall only comment on points relevant to the interactions between the reinforcements. particles can be easily detected at the fracture surface of AMC-Ti composites. It can be deduced that the high interfacial bonding strength of the Ti-Al interface ensures the load effectively transfer to the Ti metal particles during the deformation, leading to an improvement of tensile strength of the AMCTi composites. Moreover, small ductile dimples and abundant torn edges are clearly visible in the matrix alloy of AMC-Ti hybrid composites as shown in Figure 10f . The observed ductile dimples and torn edges are consistent with the plasticity results discussed above. It is widely accepted that thermal misfit stress would generate around the incorporated reinforcements with a change in temperature for the dissimilar coefficients of thermal expansion between the reinforcements and the matrix [27] . With a view to the interaction between the reinforcement and the matrix, dislocations would come about in the vicinity of the SiC particles due to the generated thermal misfit compressive stress (Figure 11a ). On the contrary, dislocations are hardly detected in the vicinity of the Ti particles (Figure 11b) . A detailed discussion of the interaction between the generated dislocations and the reinforcements can be found in Ref. [28] ; here we shall only comment on points relevant to the interactions between the reinforcements. It is widely accepted that thermal misfit stress would generate around the incorporated reinforcements with a change in temperature for the dissimilar coefficients of thermal expansion between the reinforcements and the matrix [27] . With a view to the interaction between the reinforcement and the matrix, dislocations would come about in the vicinity of the SiC particles due to the generated thermal misfit compressive stress (Figure 11a) . On the contrary, dislocations are hardly detected in the vicinity of the Ti particles (Figure 11b) . A detailed discussion of the interaction between the generated dislocations and the reinforcements can be found in Ref. [28] ; here we shall only comment on points relevant to the interactions between the reinforcements. Undoubtedly, the matrix acts as the medium for interactions between the reinforcements. Considering the interactions with other particles, balanced high tensile stresses occur in the matrix ligament closely sandwiched between two SiC particles [27] (Figure 12) . As a result, dislocation reduced greatly in the matrix ligament closely sandwiched between two SiC particles (Figure 11a) . While in the case of the Ti metal particles, the dislocations disappeared from the interface of the SiC particles nearby the Ti particles as well (Figure 11b ). The balanced tensile stresses in the matrix ligament closely sandwiched between the Ti metal particle and SiC particle are lower than that between two SiC particles ( Figure 12 ). The lower balanced tensile stresses between Ti metal particles and the matrix would impede the formation and propagation of the cracks in the matrix and can be beneficial to the mechanical strength of the composites (Figure 9) . Besides, the plastic deformation of the matrix in the composites containing Ti metal particles would be also greater than that of the composites without Ti metal particles addition ( Figure 10) . As a result, small ductile dimples and abundant torn edges are clearly visible in the matrix alloy of AMC-Ti hybrid composites (Figure 10) . Moreover, the mutual diffusion Ti-Al interfaces ensure the collaborative deformation of the Ti metal particles and the matrix before the Ti metal particles cracked. Finally, the plasticity of AMC-Ti composites is improved ( Figure 9) . Obviously, the fracture behaviors of the composites have been greatly influenced by the incorporated Ti metal particles and the interface between the Ti metal particles and the matrix. The incorporated Ti metal particles would exert positive effects on the mechanical performance of the composites.
Moreover, the mutual diffusion Ti-Al interfaces ensure the collaborative deformation of the Ti metal particles and the matrix before the Ti metal particles cracked. Finally, the plasticity of AMC-Ti composites is improved (Figure 9) . Obviously, the fracture behaviors of the composites have been greatly influenced by the incorporated Ti metal particles and the interface between the Ti metal particles and the matrix. The incorporated Ti metal particles would exert positive effects on the mechanical performance of the composites. 
Conclusions
In this work, the interface structure and mechanical properties of 7075Al hybrid composite reinforced with micron Ti metal particles using pressure infiltration were investigated. The incorporated Ti particles in the hybrid composites improved the tensile strength and plasticity of the composites. The fracture behaviors of the composites were influenced. From the experimental results, the following conclusions can be concluded:
1. Ti metal particles remained during the pressure infiltration processes. No additional low temperature phases were generated at the interface of the Ti metal particles. Numerous defects generated due to the mutual diffusion of the Ti metal particles and the molten 7075Al melts. The formed metallurgical bonding between the Ti metal particles and the matrix ensures high interfacial bonding strength between the Ti metal particle and the matrix.
2. The reaction between the incorporated Ti metal particles and aluminum melts was controlled by the mutual diffusion coefficient and reaction time rather than the activation energy of the low temperature phases. Solid Ti is the main diffusing species in the Al(l)-Ti(s) system. The interaction between the Ti metal particle and the molten 7075Al melts was restricted due to the low solubility of the Ti atom in the Al melt. 
2. The reaction between the incorporated Ti metal particles and aluminum melts was controlled by the mutual diffusion coefficient and reaction time rather than the activation energy of the low temperature phases. Solid Ti is the main diffusing species in the Al(l)-Ti(s) system. The interaction between the Ti metal particle and the molten 7075Al melts was restricted due to the low solubility of the Ti atom in the Al melt.
3. The matrix acts as the medium for interactions between the incorporated reinforcements. The balanced tensile stresses in the matrix ligament closely sandwiched between the Ti metal particle and SiC particle was lower than that between two SiC particles, which impedes the formation and propagation of the cracks in the matrix and result in an improvement in plastic deformation of the matrix. Moreover, the mutual diffusion Ti-Al interfaces ensure the load transfer effects and the collaborative deformation of the Ti metal particles and the matrix. The incorporated Ti metal particles can be beneficial to the mechanical performance of the composites. 
